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摘  要 
锂硫电池是一种基于硫材料可逆转换反应机理的高比能电化学储能体系，其
电极过程比较复杂，涉及多电子交换、多相态转变等。由于其理论质量比能量和




















S8 的首次放电产物并非是普遍认为的 Li2S8，而是 Li2S6。同时 Li2S2 由于具有荧
光效应，在锂硫电池充放电过程中，荧光背景会随着不同的放电深度发生改变，
可以作为一种有效的分析 S 材料放电过程的电化学行为的方法，用来评价不同的



















绝大多数情况下，中性的 LixSn 的结构形式 为稳定。例如 Li2S6 就要比 LiS6
- 和 
S6
2-  分别低于 67.6 和 188.4 kcal/mol。这是由于 DOXL 溶剂的溶剂化效应无法把
带负电荷的多硫化物阴离子稳定下来。此外，环状结构的 LixSn 要比链状结构更
稳定。例如环状结构的 Li2S8 和 Li2S6 要比链状结构低 16-22kcal/mol，而 Li2S4 和 
LiS3 只有环状结构 为稳定。因此之后计算获得的拉曼谱峰的都是基于环状结构
的 LixSn。Li2S8 由于具有较低的 LUMO 轨道，是一种热力学不稳定的 Lewis base，
因此首次的充电产物只到 Li2S6，从而导致锂硫电池具有较大的不可逆容量损失。 




应，直至氧化生成单质 S。对本论文中采用的基础碳材料 super P 进行 N 掺杂，
负载 70%硫含量的复合材料表现出了优异的电池性能：0.1A g-1 的电流密度下容
量稳定在 1250 mAh g-1, 当电流提高到 1A g-1 时，依然稳定在 800 mAh g-1。 
 
















Lithium sulfur battery is an electrochemical energy storage system based on 
conversion reaction with extremely high energy density, involving a series of 
complicated phase transformation and multi-electron transferring. It is believed to be 
the most promising candidate for the future demand of high performance lithium ion 
batteries, due to its extremely high mass energy density of 2600 Wh kg-1 and volume 
energy density of 2800 Wh L-1. The thesis herein focuses on the design and 
preparation of sulfur/carbon composites, the capability study of electrode/electrolyte 
interface and the in-situ Raman investigation of lithium sulfur battery and its DFT 
calculations. The detail of the content is as following: 
1.The synthesis of sulfur/carbon composite. Different preparation methods and 
carbon conductive matrix were adapted to synthesize sulfur cathode composites, then 
investigate their electrochemical properties. The research highlights includes: the 
effect of functional groups on the sulfur morphology on surface of MWCNTs and the 
influence on the sulfur cathode performances; the effect of preparation conditions on 
the structure of carbon xerogel, as well as the BET, meso-pore and micro-pore on the 
battery performances of sulfur/carbon xerogel composites. 
2. The capability study of the electrode/electrolyte study. We found the carbonate 
electrolyte is not suitable for lithium sulfur battery system, due to the reaction of 
carbonate electrolyte with polysulfides. And we also further confirmed that LiNO3 has 
an obvious effect to retard the ‘shuttle effect’ of lithium sulfur battery, especially on 
the redox of higher lithium polysulfides. The anode protection was controlled via 
magnetic sputtering is not so helpful to improve the battery performance of lithium 
sulfur battery. The failure reason was analyzed and technology improvement was also 
pointed out. 
3.In-situ electrochemical Raman investigation of lithium sulfur battery. The 
homemade in-situ Raman cell is available to collect the Raman spectroscopy during 
the discharging-charging process of a practical lithium sulfur battery, as well as 
insuring acceptable sulfur utilization (around 1400 mAh g-1 discharging capacity). As 
a result, the first reductant of element sulfur (S8) in not the commonly believed Li2S8, 
















electrochemical behavior of sulfur and lithium polysulfides. 
4.The DFT calculations assisting for the Raman spectroscopy result. Due to the 
complicated electrochemical reaction route of lithium sulfur battery, DFT calculations 
would be an appropriate tool to explore the thermodynamic of lithium polysulfides. 
Our calculations showed that in most cases, neutral species are energetically more 
favorable than their charged counterparts. For instance, Li2S6 was predicted to be 
more stable than LiS6
- and S6
2- by 67.6 and 188.4 kcal/mol respectively. This is 
reasonable because the polarity of DOL (ε=2.2) is not sufficiently strong to stabilize 
the charged polysulfides. It has been reported that the structures of polysulfides can 
take either the cyclic or linear chain forms 25. For Li2S8 and Li2S6, both cyclic and 
linear forms can be located and the cyclic structures were calculated to be more stable 
than linear conformers by 16-22 kcal/mol. For Li2S4 and LiS3, only the cyclic 
structures can be obtained. Interestingly, these cyclic polysulfides share a common 
feature that Li atoms are coordinated to both terminal sulfur atoms such that the Sn
2- 
or Sn
- moiety can be viewed as a chelate or polydentate ligand. 
5.The new functional sulfur cathode for lithium sulfur battery. Density functional 
theory (DFT) calculations reveal that Li2S8 has the lowest unoccupied molecular 
orbital (LUMO): Li2S8 (-1.60 eV) < S8 (-1.36 eV) < Li2S6 (-1.22 eV).  This also 
indicates that Li2S8 accepts electrons more readily and have stronger Lewis acidity 
than S8 and Li2S6. By Introducing Lewis base sites into cathode material which would, 
the N-doping super P carbon shows an improved battery performance: both excellent 
sulfur utilization and rates performances. A stable capacity of 1250 mAh g-1 at 0.1A 
g-1 could be obtained and still deliver 800 mAh g-1 at a high cuurent density of 1A g-1. 
This control experiment confirms that a conductive Lewis base matrix has the ability 
to stabilize the higher polysulfides, thus facilitating the redox reaction of sulfur and 
lithium polysulfides. 
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